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(54) Title: METHOD FOR HIGH-PRESSURE PRESERVATION 

V) 

if) 

(57) Abstract: The invention relates to a method for treatment of a product, in particular preservation of a food product or pharma- 

ceotical product, by use of high pressure. The invention is characterized in that the high pxessure process is carried out under such 
^ conditions that leakage of heat &om the product to the surrounding material is minimized or even prevented. In one embodiment 

the product is pressurized to at least 100 MPa at a pressure rate is at least 5 MPa»s ^ In one embodiment the vessel wall has a heat , 
Q conductivity no higher than 25 W«m-i*K-*, preferably not higher than 10 W«m **K ^ more preferably not higher than I W«m^«K 

In another embodiment a liner is used having an adiabatic temperature rise of between 1 and 10 K per 100 MPa. preferably between 

2 and 7 K per MPa. 
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METHOD FOR HIGH-PRESSURE PRESERVATION 



FIELD OF THE INVENTION 

5 

The invention relates to a method of high pressure treatment of a product, m particular 
preservation of a food product or treatment of a pharmaceutical product, in a pressure 
vessel, and to an apparatus for canying out the method. 

10 BACKGROUND OF THE INVENTION 

The adiabatic-temperature-rise, which occurs when a product is pressurized 
hydrostatically, coupled with the lethal effect of the pressure on mioo-organisms, is 
known to have a preservative eflfect. In most High Pressure Processing (HPP) systems, 
15 heat transfer occurs from the product at increased product temperature to the HPP 
vessel wall, resulting in a decreasing t^perature of ttie product fraction especially near 
the HPP vessel wall Hence, the heat is transferred from the product to the vessel, 
leading to a temperature decrease of the product near the vesseL 

i 

20 Extending the shelf life of food products and oth^ products sensitive to microbial 
spoilage, hence sterilization or inactivation of microorganisms, mioobial spores and 
enzymes, is being pofonned by relatively slow heating process retorts, with a slow 
cooling of the food. The combination of high temperatures and long residence times, 
results in a decreasing quality of the food. Flavors are reduced, texture changes 

25 resulting in undesired ch^uiges in mouthfeeling (often mushy and soft) and the color 
mostly becomes darker or gray. Most of these negative effects are the result of high 
temperature chemical reactions, e.g, Maillard reactions. Even when fast-heating 
systems are being used, e,g. microwave systems, these negative effects are not being 
cancelled because rapid or homogeneous cooling systems do not exist for bj^di 

30 processing. 

The last decades a lot of research has been performed to invent presavation systems 
leading to minimal thermal damage. Examples of these novel technologies are pxdsed 
electric field (PEP) and High Pressure Processmg (HPP). Both being mild pix)cesses 

35 and "with known pasteurization eflfects, the search of sterilization conditions or process 
conditions is still a matter of research. Several researchers proved that the sterilization 
effects are a result of the combination of heat and pressure. The application of multiple 
(>6) consecutive pressure pulses, or long pressure holdic^ time (> 30 min.), have been 
proven to result in a 'sterile* product (Hayakawa, Journal of food science Vol 59, No 1, 

40 1994). The word sterile is bemg placed between quotes because the steriUty effect is 
often extrapolated from less lethal conditions (e,g, if an experiment with 20 min, 
holding time results in a 6D reduction, it is extrapolated to a 12D reduction at 40 min, 
holding time). Both methods have no commercial value. The cycle tunes are too long to 
apply these conditions cost ejBFectively m food industry. 

45 

US-6.017.572 (Meyer) desaibes a sterilization process consisting of at least two 
pressure pulses, with an initial-product-t^perature of at least TO^'C. Furthermore, he 
proposes several other conditions that can be used to sterilize food. Examples of 
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;^»whichn.yprovidest«iHtyarcT„=70oc/^1000^^ 

leverages the pn)duct-teny)craCrii ftt^r ^^^^^ ™^ '"^thod 

hydrostatically. coupled with Z '° ^ pi^ssurized 

. utilizes only one P^ssure p^ braL in L f T r '""^ "^^^ " 

10 temperatures are needed SteSty of a ^'"S*^ ^^her initial-product- 

approximatelylOO^Cimtial-producLlJ^t,^ suspension ,s obtained only if 
of approximately 700 MPa. ^e blS^^^f T^^^P^ treatment 
one-pulse pressure treatment can hT^mm^.iF^^^ ^« ^at a 

^ or more pressure pulses mism^^T^ '"^'^ interesting tfaan applying two 
15 result of both the P^^^iZiZS^TT. ^ ^^^^ obtS^fe ft^ 
pressure treatment « t^e fmal-product-temperature reached due to the 

•20 S?^'~S!:n:S^^^ 
20 foodstuff. Food sterility or the ^^ofilTvJ^f^^ ^"^^ ^''j^^ to tbe 
long treatment times. Hirsch st^'SS ^^i"'' « obtained by applyi^ 

preserved by the application of oSeS^oy/""' f^*'^^ 

For some fruits and vegetables Sie ^.W. m u '"""^ ^ twelve hours 

25 S^'S*^^ vegetaW^^S^St^rT*'^*^^*^^ 

25 MPa Because no heat is used, mud, « ^ ^""^^^ P'^^^e t^^ent at 175 

nUld pressure treatment Spfe ^J^"^ ^? ^ ^vith tlS 

milk for 36 days at 70 MPa (lO^t ^ ^7' ^ ^^^^^ preservation of 

t^ported from dairirarS .to^^l^o^^^^ 

refiigeratioa Tankers could be (JS^^Tn of 
30 earned. ^ way that partial loads could be 

^g'er proposed a sterilisation Drocess v^th tu. • 

Wgh-pressnre and two or rZ^^^^s 'S"'*'^"."'/'^ ^P«^t«re. 
rveTr^-^^^'^^P^-^onof^p;;^^^^^^^ 

40 P-<^-^.^«^onotclaimatechnology^&lX^ 
A typical time to obtain woiWna 

applications is 3-10 minutes SST!? ^ ^^d'^Wal HPP 

' ^^t^ m a pressunzation rate of 3.9 - 1. 1 MPa j-'. 

45 An analysis of current fTPP m • 

ai^y. ^ d„ri„g ,«So.i2r^^r 
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(heat losses) a non-unifonn temperature distribution will be obtained. The total degree 
of inactivation is thwefore detomined by the fraction that is subjected to the lowest 
intensity of treatment, hence the fraction with the lowest temperature while pressurized. 
Hiis leads to the following conclusion: 

5 

Smce the degree of sterilization / pasteurisation is determined by the food fraction with 
the lowest final-product-temperature, this lowest final-product-temperature determines 
the lowest sterilization / pastairization conditions in combination with pressure. Hence, 
effectiveness of the process is determined by botii tiie lowest final-product-tonperature 
10 in the vessel and the pressure. 

However, if the conclusion above is related to current HPP practice, the authors 
surprisingly noticed that a lot of experimental work published in literature is performed 
under non-ideal conditions. For instance, the temperature sensor in common systems is 

15 placed m the center of the vessel, hence the hottest spot in an HPP-system, whereas the 
lowest final-product-temperature is obsaved near the wall of the HPP vessel. To quote 
a recent FDA report (US Food and Drug Administration, Center for Food Safety and 
Applied Nutrition, Kinetics of Microbial Inactivation for Alternative Food Processinc 
Technologies, IFT/FDA Contract No. 223-98-2333, 2 Jtme 2000) : ^The use of elevated 

10 temperatures as part of a specified HPP process will require monitoring the food 
temperature during the process to ensure every element of tiie food is at or above the 
specified temperature". 



25 



30 



35 



40 



In an other part of this FDA report, a warning towards researchers is given- 'Tor tills 
reason care must be taken in keeping a food sample at constant temperature during 
pressure treatment or determining tiie temperature of tiie food during compression and 
decompression. Most food researchers working on pressure treatment of foods do not 
control flie temperature during pressure treatment Temperature control would be 
necessary to obtam meaningfiil microbial or en2ymatic mactivation kinetics." 

The temperature distribution in typical HPP systems is given in Figure 1. A metiiod to 
reduce heat leakage is the application of packagmg systems tiiat avoid wall contact. 
These solutions however are not totally efifective in systems witii a long pressurization 
time ^or pressure holding time. Since tiie effect of non-homogeneous temperatine 
disttibution IS also (partially) recognized by HPP manufectiires, active heating systems 
are avaUable on tiie market These systems consist of a product temperature sensor 
mside the HPP vessel, a heating coU inside die vessel and contiols. The major 
drawbacks of tiiese systems are tiie robustiiess and tiie vaUdation of tius critical process 
feptor. Furthermore tiiese solutions to contiol tiie product temperahire are subjected to 
another major drawbacL- tiiese metiiods need vessel space and are economically not 
?^ eflfectiveness of HPP is stiongly related witii tiie filling grade of 
Uie HPP-vessel, tiiese solutions are fliwefore non fevorable. 

The effect of non-uniform temperahue distiibution is of less importance for a process 
wia a relatively long HPP cycle time (e.g. 1 0 - 60 minutes or longer), and for processes 
m which only tiie pressure cycle Is used for tiie aimed effect and no synergetic effect of 
flie product-temperaftire-rise and pressure is essential (e.g. HPP pasteurization at 
ambient teraperatiire). Due to tiie search for process conditions for operating at lowest 
processmg costs, hence a decreased cycle time (and maximum fliroughput per unit of 
time), use of tiiis synergy becomes more and more important 
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With this invention the authors th«-efore focus on how obtain and maintain products to 
a homogeneous temperature distribution when imposed to a pressure treatment, in order 
to reach a product-tocnperature-rise that is abnost equal to the adiabatic-temperature- 
5 rise, and therefore to be able to apply the mildest food preservation process conditions 
possible. These mildest preservation conditions are significantiy lower than cunentiy 
reported process conditions. 

It is therefore an objective of the invention to overcome the difficulties in the prior art 

10 

It is another objective of the present invention to provide a method for treating a 
product, in particular foodstuff and other spoilable products to enlarge the shelf life 
using high pressure. 

15 It is a further objective of the present invention to provide a method in which 
homogmeous temp^ature conditions can be obtained while processing product, such 
as food with high pressure. These homogeneous conditions are obtained by the 
combination of technical and process methods/inventions. 

20 It is still a further objective of the present invention to obtain a product-temperature- 
rise tiiat is almost equal to the adiabatic-temperature-rise by means of pressurizatioru 

It is yet anothOT objective to apply these homogeneous temperatures ui such a way that 
the mildest possible product treatment process can be used, providing minimxmi 
25 reduction of quality by applying the lowest initial-product-femperature. 

It is yet another objective to apply these homogeneous temperatures so that the pressure 
or the number of pulses can be decreased, and therefore the food treatment process can 
be performed at lower costs per kilogram of product 

30 

These and other objectives and advantages of the present invention will become further 
appar^t from the teachings hereinafter provided by the detailed description, test data, 
humecical calculations and examples. 

SUMMARY OF THE INVENTION 

35 

Tte present invention provides a method that combines one or more pressure pulses 
subjected to a preh^ed foodstuff resulting in a homogeneous teriiperature distribution 
in the pressure vessel Hie combination of pressure and final-product-temperature 
results in a food treatment method on a commercial basis with the mildest conditions 
40 possible, /. e, the lowest initial temperature to obtam microbial safety by means of HPP, 
Hiis can be done without negative side-eflfects that take place in conventional HPP 
sterilization processes. Obtaining a homogeneous temp^ature distribution in the 
pressure vessel is the elementary fector m this invention. This is achieved by means of: 

45 1 A large pressurization rate (> 5 MPa s'^); due to this fest pressurization, minimal 
energy is exdianged betwe^ the product and the HPP-system (hence, vessel 
wall). This results in a homogeneous product-temperature-rise that is almost 
equal to the adiabatic-tmiperature-rise. In systems in which the pressurization 
rate is less than 5 MPa s*^ (e.g. 3 min. to pressurize a vessel to 700 MPa), the 
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temperature nse is not homogeneous and smaUer than the adiabatic- 
temperature-nse. due to cooling while pressurizing the system. ITus impHes that 
fte product fraction near the HPP vessel waU has a temperature that is lower 
than the temperature m the center of the vessel (and thus the product core) Fast 

5 F^ssunzation can be obtained for if.stance by using a system with an interna 

intensifier such as described m W099/61 146 in the name of appUcant, which is 
mcotporated herem by reference. 

1 n ^ {fPfy^e a vessel material with low heat transfer properties (less than 25 W m* 
-K . preferably less than 10 W m-' K"', most preferably less than 1 W m '-K ') 
This technical solution reduces energy transfer from the food product to the 
HPP vessel, and thus keeps the product fraction near the wall at a high 
^poature. Vessel materials suitable for this application are among oth4 

15 embedded or not m a natural, synthetic or metalhc matrix, or materials as 

described tn patent EP 0842696, It is possible to apply these materials to the 
mner part of tiie HPP-vessel only or using a product conlamer constructed from 
these matenals. 



20 3 Applying a vessel matenal with an adiabati^^^^ 

h^her^ the adiab^c-temperaturc-rise of the food product (1 - 8 K per 100 
J^a) Tins smiilar or Wgher adiabatic-temperature-rise comp 
J^^Hvg"^? POM ««^ong others HOPE. PEEK," 

25 „ rr^^'J^y ' ' °' ^^^"^ embedded or not in a 

mner part of tiie HPP-vessel only or using a product contamer constructed from 
xaese matOTals, 

4 Avoiding heat loss from the product to cold (relative to the initial-pioduct- 
SrS^^^ pressure fluid entering the pressure vessel. This might be obtamed 
(a) by the use of an mtemal mtensifier system or (b) by heSng the hiT 
pressure pip^^d/or the high-pressure pump (external inteiiifier syLm) otTo) 
by avoidmg (thermal) contact between the pressure liquid enterin^S^^S 

^ toL'^fnlf P"^'"^^ be the same or 

larger than the adiabatic temperature mcrease of the product to obtain a similar 

40 ^e^^"^^"^"' ^ '"^"^^^ temperature increase will result in cooling 

t^^l' XI? "^'^ ^^f*^ " combmation of one or more of these 
ZT^J^^A I ^ combination of these methods 
45 al^o^^^'.^^ I*"* '"'^"'^ improvement For example m 

^^S^^nL^ ody applying a product container inside the HPP ves^ght 

^uUmsufficienfly controlled temperature conditions. The combined effect of aU five 
methods above maitioned is presented in Figure 2. 

50 i!^,^!^'^ *° * homogeneous temperature distribution is to apply a 

50 vessel-temperature that is higher than the initial-product-temperature. TTie 
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tOTiperature can be pre-set to a value between the imtial-product-temperature and the 
final-product-temperature, or even slightly above the latter temperature. TTiis method is 
also mmtioned by Meyer and the FDA, but has been proven of limited value in 
conventional HPP systems, because it results in an overheating of the product, 
5 especially the product fraction near the wall; indeed, in the conventional HPP systems 
the time before the product is pressurized, is long {e.g, sum of filling time, closing time 
and pressurization time is generally > 1 min.), and during this period the product is in 
contact with the hot vessel wall. This overheating will th^efore automatically result in 
a decrease of product quality, or even unacceptable boiling (see Figure 3) if the vessel 

10 would be set to a temperature above the boiling temperature. However, in a EBPP 
system that uses methods I and 2 described above, preferably in combination with a 
fast closing system (for instance with an axial, hydraulically actuated lid, as mentioned 
in patent W099/61146), it is possible to pre-set a vessel-temperature that is 
substantially higher than the initial-product-temperature, without overheating the 

15 product fiaction near the vessel wall, and thus without decrease of product quality (see 
Figures 7 and 8) even when the vessel is set to a tOTiperature above the boiling 
temperature. 

A systra with a working principle based on inh^ent'and passive physical processes 
20 (adiabatic-temperature-rise), provides a safe, robust and reliable process. The points 1 -3 
and 4a, are therefore preferable above the technical solutions known from the prior art 

The combination of the final-product-temperature and working pressure, causes in the 
preservation elBFect This invention reduces the energy flux from the food product 
25 towards the HPP vessel, resulting in a maximal and homogeneous temperature in the 
entire food product Therefore, compared to systems vydiere no homogeneous 
temperature distribution is achieved, a lower initial-product-temperature may be used, 
and still the same minimal final-product-temperature will be achieved in the food 
product. 

30 

Most researchers did not use methods that achieve homogeneous temperature, but still 
sterility is obtamed and reported in numerous patents (Afeyer, Wilson) and scientific 
articles; it can thus be concluded that a fi:action of the product has been treated at the 
final-product-tOTipa:ature at the wdil (Ti.waiDj which is lower than to the almost always 

35 reported final-product-temperature at the center of the vessel (Ti,centreX ^ that 
sterili^ can be achieved at temperatures that are lower than the temperatures reported 
m previous patents and scientific articles (sterilization elBFect by means of temperature 
is in synergy with pressure). If the tedmical methods of this invention are applied, 
every fi:action of the product can be maintained at the lowest of the above temperatures, 

40 and still sterility will be achieved. 

TTierefore, when ^plying tiie metiiods of this invention, the initial-product-temperature 
may be lower or tiie working pressure may be reduced, compared to the case where a 
conventional HPP system is used. An initial-pioduct-temperature below 7(fC 
45 (approxirnately SO'^C) may be applied to obtain the same level of microbial iniactivation 
as similar pressure treatment on a conventional HPP system with an initial-product- 
temperature of TO'^C. This is also demonstrated in Table 1, and in Example L 

Alternatively, the methods of this invention can be used to decrease the processing cost 
50 of an HPP process; one way is to lower the pressure of each pulse, and still obtain the 
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same level of microbial inactivation, as demonstrated in Table 2 and Example 2; a 
second way is to reduce the number of pulses, and still achieve the same level of 
miaobial inactivation, as demonstrated in Example 3. 

Different detection methods for micro-organisms, result in the same level of 
inactivation (see Example 4). This applies for both 1 -pulse and 2-pulse treatment, there 
is no indication for recovery of spores during storage. 

Table 1 : decrease of initial-product-temperature due to this invention, while retaining 
the same level of inactivation. 



700 MPa 


To 


Tl.vran 


Ti,ccnlre 


Conventiooal HPP-systan 


90°C 




123°C 


Hiis invention 


83X 




114°C 



Table 2 : decrease of pressure due to this invention, while retaining the same level of 
mactivation. 



To=70°C 


P 


Tl.wall 


Tl^centrc 


Conventional HPP-system 


1000 MPa 




112'C 


This invention 


880 MPa 


lOS-'C 


105"C 



15 Example 1 

Conventional HPP syst^ 10°C, 2 pulses of 960 MPa 
vs 

System accordmg to this invention, fiO'^C, 2 pulses of 950 MPa 



20 



25 



30 



35 



Result : same level of inactivation 

Example 2 

Conventional HPP system; 90"*^ 2 pulses of 750 MPa 
vs 

Systmi according to this invention, 90*'C, 2 pulses of 600 MPa 
Result ; same level of mactivation 

Example 3 

Conventional HPP system, 90'*C, 2 pulses of 750 MPa 
vs 

Systm according to this inveiition, 90°C, I pulse of 910 MPa 
Result : same level of inactivation. 

Example 4 

Con:q)arison between the mactivation duectly after an HPP treatment (plate 
count) compared to the inactivation after 30 days of storages (MPN-method) 



40 



Result 



same 



level 



of 



inactivation. 
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Example 5 

Conventional HPP system art 90*^0, product preheated to 90^C, 2 pulses of 700 
MPa, holding time of each pulse 60 s 
vs 

5 System according to this invention ajr^05**C, product preheated to 90**C, 1 pulse 

of 700 MPa, holding time 150 s 

Result : same level of inactivation 

10 Example 6 

Conventional HPP syst^ at 90*'C, product preheated to 90*'C, 1 pulse of 700 
MPa, holding time 300 s 
vs 

System according to this invention at 105*C, product preheated to 90°C, 1 pulse 
15 of 700 MPa, holding time 150 s 

Result : same level of inactivation. 



20 This invention therefore desaibes methods to achieve (1) a high pressure preservation 
treatment of food product, (2) in a commercially viable/competitive way, (3) with 
minimal temperature treatment, (4) resulting in a minimal loss of product quality. 



BRIEF DESCRIPTION OF THE DRAWINGS 

25 

The invention will be explained in detail with reference to the accompanying drawings: 

Figure / is a graphical representation of a time-temperature-pressure relation of a 
high-pressure process in a typical conmiercial HPP-system; 

Figure 2 is a graphical repres^tation of a time-temperature-pressure relation of a 
30 high-pressure process in a system in which the methods of this invention are applied; 

Figure 3 is a graphical representation of a time-temperature-pressure relation of a 
high-pressure process in a typical commercial HPP system as in Figure 1, but with the 
vessel-temperature increased; 

Figure 4 is a graphical representation of a time-temperature-pressure relation of a 
35 hi^-pressure process according to this invention with only one pulse and a long 
pressure holding time; 

Figure 5 is a graphical representation of a time-temperature-pressure relation of a 
high-pressure process in a system with fest pressurization but without an mner HPP 
vessel material with low heat transfer preppies; 
40 Figure <J is a graphical representation of a time-temperature-pressure relation of a 

high^ressure process in a system witii an inner HPP vessel material with low heat 
tmnsfer properties, but without fest pressurization; 

Figure 7 is a graphical representation of a time-temperature-pressure relation of a 
high-pressure process according to this invention vdiare an elevated vessel-temperature 
45 is used; 



/ 
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Figure 8 is a graphical representation of a time-temperature-pressure relation of 
a higji-pressure process according to this invention where an elevated vessel- 
temperature is used; 

Figure P is a graphical represmtation of a time-temperature-pressure relation of a 
5 highrpressure process in a systmi with fast pressurization, an elevated vessel- 
tonporature, but no inner HPP vessel matmal with low heat transfer properties; 

Figure 10 is a graphical representation of a time-temperature-pressure relation of 
a high pressure process in a system with slow pressurization, an elevated vessel- 
temp^ture, and an irmer HPP vessel material with low heat transfer; 
10 F/gwrei/rq)resents a system according to this inversion; 

Figure 12a'12c schematically represents the operation of a system according to 
this invention; 

Figure 13 is a graphical representation of a time-tempmiture-pressure- 
inactivation relation of a high pressure process in a conventional system; 
15 Figure 14 is a graphical representation of a time-temperature-pressure- 

inactivation relation of a high pressure process in a system according to this invention; 
and 

Figure 15 is a graphical representation of a time-temp^ture-pressxire- 
inactivation relation of a high pressure process in a conventional system, 

20 

DETAILED DESCRIPTION OF THE INVENTION 

In this description the following definitions £^ply: 

25 

• HPP: High Pressure Processing; processing of products by means of high isostatic 
pressure technology. 

• Initial-product-temperature To : the totnperature of the product before it is inserted 
into a HPP vessel. 

30 • Final-product-temperature Ti : the temperature of the product after it has been 
pressurized to a high pressure and maintained on this high pressure. Ti^waii refers to 
the final-product-temporature of the product fraction at the wall of the vessel, 
Ti^caitre refers to the final-product-temperature of the product firaction at the center 
of the vessel. 

35 • Vessel-temperature Tycssci : the temp^ture of the HPP vessel. This temperature 
may be equal to the initial-product-temperature, but also a different vessel- 
temperature {e,g higher) is possible 

• Adiabatic-temperature-rise ATad : the (theoretical) temperature increase occurring 
vihQVL a system is pressurized adiabatically. A process is adiabatic when no heat is 

40 transferred between product pressurized system) and its surrounding, 

• Product-temperature-rise AT: the actual temperature increase of the product due to 
compression. The product-temperature-rise is therefore the difference between flie 
final-product-tOTj)erature and the initial-product-temperature. Under ideally 
isolated circumstances, tiie product-temperature-rise would be equal to the 

45 adiabatic-tempa:ature-rise. 

• Pulse: part of a complete high pressure treatment, consisting of the following steps: 
pressurizing the system starting fiiom atmospheric pressure up to the desired 
working pressure, holding time at working pressure, and depressurizing to 
atmospheric pressure- 
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• Cycle: th^ complete hi^ pressure treatment, including insertion of the product, 
treating the product (by one or more pressure pulses), and removing the product 

• Conventional system: a HPP system is considered to be conventional if it is a 
currently available system with steel vessels, that does not have one or more of the 

5 features mentioned in this patent 

• The term 'food* should be considered as all products sensitive to microbial of 
enzymatic spoilage. This is not only the case for food products, but also for e.g. 
pharmaceutical products, 

10 The present invention combines one or more pressure pulses subjected to a preheated 
spoilable product, in such a way that cooling is minimized and the traiperature in the 
pressure vessel remains close to its theoretical final value. The combination of pressure 
and final-product-temperature (Le. aftea: pressurization) results in a food treatment 
method on a commercially competitive basis, with the lowest initial-product- 

15 temperatures, hence the mildest treatment possible. Obtauung a homogeneous 
temperature distribution is the elmientary factor in this mvention. Summarized this 
invention describes methods to achieve (1) high pressure preservation treatment of food 
product, (2) in a commercially competitive way, p) with minimal temperature 
treatment, (4) resulting in a minimal loss of product quaUty. 

20 

To reduce both cost and thermal damage, a short cycle time is essential. Hie total cycle 
time is determined by (1) filling the HPP system witii food product, (2) closing the 
system, (3) pressurizmg the systan, (4) keeping the HPP system at a high pressure, arid 
(5) releasing tiie pressure fi»m tiie system. TTie time needed for 1,2,3,5 are mamly 

25 mfluenced by the technical properties of die HPP system. Hie holding time, 4, is 
mainly related to e g, tiie niicrobial eflFects necessary to extend the shelf Hfe of die 
product Generally, this holding time will decrease wiien the pressure is increased or 
v^en die firial-product-temp^ature is increased. Redesigning in order to achieve a 
higher working pressure is an expensive solution, however, by e,g, applying new 

30 materials, cost effective systOTis may soon by offered (see patent EP 0842696 and WO 
99/61146), Increasing die final-product-temperature can be achieved by mcreasing the 
pressure, or by mcreasmg die initial-product-temperature; mcreasing die initial- 
product-temperature generally is unfevorable, as product quality decreases (eg, flavor 
is reduced, texture changes, color changes). 

35 

When a system is pressurized, energy is added to the system, vMdi results m a 
tempoature rise. If no energy is transferred between tiie system and its surrounding, the 
process is defined to be adiabatic. The product-teni|)eiatur©-rise due to pressurizing 
under adiabatic conditions is called tiie adiabatic-temperature-rise. No heat transfer, 

W haice an adiabatic process, occurs vAten a system is pressurized infinitely fest (dp/dt = 
00 MPa s' ), thus instantaneously, or when the thermal msulation between tiie system 
and its surrounding is perfect (K=0 W m '-K''). In conventional HPP systems, adiabatic 
HPP does not exist; energy is always transfared, and tiiercforc tiie product- 
teanperature-rise of tiie product fiaction near the HPP vessel wall is smaller flian tiie 

^5 adiabatic-tempaature-rise. In many scientific articles and patents, tiie term adiabatic- 
tempeiature-rise is used m situations tiiat are not adiabatic, fliis might lead to 
mismtapr^tioa This invention aims to obtain circumstances in which the flieoretical 
adiabatic-temp«ature-rise is approached in the entire pressure vessel. 
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Based on literature it is known Aat final-product-temperature and pressure have a 
synergetic effect on the reduction of niiat)organisms. Meyer showed that a final- 
product-temperature of Ti=123''C (To=90°C) in combination with two pressure pulses 
of 700 MPa, or a Ti=l IPC (To=70*'C) in combination with two pressure pulses of 
5 1000 MPa, provide sterility. Hence, v^en the pressure is increased, the final-product- 
temperature needed to obtain a certain amoimt of inactivation of microorganisms, 
spores or enzymes, will be lower. To process a product on a pre-defined final-product- 
tempeiature / pressure combination is complicated Due to pressurization, the initial- 
product-temperature increases. The final-product-temperature is the sum of initial- 

10 product-temperature and the product-temperature-rise due to pressurization, which is a 
result of the adiabatic-temperature-rise, minus the temperature loss due to heat 
exchanged between the product and its surroundings. The effect of pressure heating is 
well known and also described in e.g, Wilson and Meyer and many oth^s. However, 
Wilson and Meyer mention an initial-product-temperature / pressxire combination to 

15 provide a pres^^tive eflfect, however the product-temperature-rise is called the 
adiabatic-temperature-rise in their patents. Preferably one uses the term product- 
temperature-rise since the theoretical maximum temperature rise, the adiabatic- 
temparature-rise, will not be obtained in many practical systems due to heat losses. 

20 To quote a recmt FDA report (US Food and Dmg Administration, Center for Food 
Safety and Applied Nutrition, Kinetics of Microbial Inactivation for Alternative Food 
Processing Technologies, EFT/FDA Contract No. 223-98-2333, 2 June 2000/: "lite use 
of elevated temperatures as part of a specified HPP process will require monitoring the 
food temperature during the process to ensure every element of the food is at or above 

25 the specified temperature''. In an other part of this FDA report a warning towards 
researcher is givai: "For this reason care must be taken in keeping a food sample at 
constant temperature during pressure treatment or determining the temperature of the 
food during compression and decompression. Most food researcfm worldng on 
pressure treatment of foods do not control the temperature during pressure treatment 

30 Temperature control would be necessary to obtain meaningful microbial or enzymatic 
inactivation kinetics. " 

Many researches working on pressure treatment of foods do not control the temperature 
during pressure treatment Most researchers did not use methods that achieve 

35 homogeneous temperature, but still sterility is obtained and reported in numarous 
patents {Meyer ^ Wilson) and scientific articles; it can thus be concluded that a fiaction 
of the product has been treated at the final-product-temperature at the wall, which is 
lower than flie always reported final-product-temperature at the cento* of the vessel, 
and thus that sterility can be acliieved at temperatures that are lower than the 

40 temperatures reported in previous patents and scientific articles. 

The present invention provides a method fliat combines one or more pressure pulses 
subjected to a preheated product, resulting in a homogeneous temperature distribution. 
The combination of pressure arnl final-product-temperature results in a treatment 
45 method on a commercial basis with the lowest initial-product-tempcrature, hence the 
mildest conditions possible. This can be done without the negative side effects that take 
place in traditional sterilization processes (e.g. flavor is reduced, texture changes, color 
changes). Obtaining a homogeneous tooiperature distribution is the elemmtary factor in 
this invention. This is achieved by: 
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1 Alargepressurizationrate(>5MPas-*); o<:wrr,- 

2 Applying a vessel material with low heat transfer properties Gess than 25 W-m 

3 /implying a vessel material with an adiabatic-temperatuie-rise tiiat is simjl^ or 
5 ^er tL the adiabatic-temperature-rise of the product (1 - 8 K pa_100 MP^. 

4 Abiding heat loss from the product to cold (relative to the mitial^jroduct- 
temperature) pressure fluid entering the pressure vessel; 

5 ^ adiabatic temperature rise of the pressure medium must be^e same o 
^ger than the adidbatic temperature increase of the product to obtain a similar 

10 final-product-tranperature. 

Acceptable results might also be obtained by the partial combination of th«e. Wiener 
o^ne, two, three, four, aU, or a combination of these ^^"^^r^!^^^^"^^ 
on Ae c^sts in relation to the improvement For example in a laboratoor "PP vessel. 
15 XapX^g a product container inside the HPP vessel might resuUin si^ciently 
SoSS te^peLre conditions. Tte combined effect of all five methods above (1, 2, 
3, 4a and 5) is givai in Figure 2. 

To demonstrate the importance of this invention, two experiments have been perf^^^ 
20 ^ple 1). . in Ser to compare a system in -hi<^h tije *empe^ a« 
controUed, to a system in which the temperatures are controlled A P^^^^^f^ 
proposed by Meyer was appUed to a spore suspension, m ord^ to ^^etemune iflie 
iu^obial reduction of this spore suspension. Hie experiments where conducted in a 
KXy system, consisting of a steel vessel and a high-pressure extend int^ifier 
25 system. In L first test, the spore suspension was preheated to an •n^t^l-produc^ 
tanperature of 70°C, pr^surized to 960 MPa, released to ambient pressure, pressurized 
asecond time to 960 MPa, and finally released to ambient pressure a decimal spore 
reduction of 6D was obtained (plate count method). In a second test, a thick plasUc 
product container (insulation around all sides of the product) was used m order to 
30 avoid heat flow between product and HPP vessel wall. The same test was done as m^ 
first test, but the initial-product-temperature was only 60»C and the pre^e pukes 
were fixed at 950 MPa. Also in this test a microbial reduction of 6D was obtained (see 
Example 1). 

35 nie methods described in this invention have been applied in a HPP equipment in 
accordance with EP 0842696 and W099/6 1146. It is a HPP system wrth an mtemd 
intensifier, and can be pressurized up to 1000 MPa in less than 20 seconds Tlie vessel 

has been equipped with a food-grade, replaceable imier layer, ^ 
constructed fiom materials as described in this invention; this imier part of the HPP 
40 vessel is also caUed liner (see Figure 11). Hie HP ve^l is made fi^'^ ^igh-streng^- 
steel. but a vessel made fiom composite material can be used as welL The equipm^t 
mentioned also uses the fest loading-unloading feature (an axial. hydraulicaUy actual^ 
Ud, as described in patent W099/61 146). mimmizing the handling time, hence the total 
q^cle time, and therefore the costs pea: kg product 

In this labscale^uipmmt the final-product-temperature was measured fijnction of 
the pressurization rate; compared to slow pressurization (90 s), tiie final-product- 
temperature was 5 "C higher when pressurized quickly (20 s). Hence fast pressunzation 
is an effective metiiod and tiierefore a part of tiiis mventioa The combinafaon ot a 
50 plastic liner and fest pressurization rate wiU tiierefore result in a system that is even 
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more efficient than the system wift a plastic product container only that has been used 
for the microbiological experimaits (Example 1). 

To illustrate the efifectiveness of the combination of all the methods described in this 
5 invention, a numerical heat transport mode^,^3 used. An axi-symmetiic one^limensional 
Finite Element Model (FEM) of the HPP system was used. Hence the model can be 
used to predict the temperature at any given radial location inside the system at any 
given time. One may argue that besides heat conduction, heat convection might be 
important as well, resulting in a smaller temperature gradient In reality however, heat 
10 convection hardly occurs in HPP systems since (a) the viscosity rises with mcreasmg 
pressure, (b) small consumer pouches can be used, these will not 'move' through the 
HPP vessel, (c) in solid products only heat conduction takes place. 

The internal vessel diameter of diis HPP system is 100 mm, which is comparable to the 
15 internal diameter of many commercially available HPP vessels. The amount of heat 
transfer depends on the ratio between volume and internal surface of a HPP vessel. T&x 
different cases were sunulated using this model. The following parameters have been 
varied in these cases: (1) the HPP cycle time ('low' or 'high', see Table 3a), (2) the use 
of a liner with effective thermal insulation, (3) the'vessel-tenq)erature T,«sd. The 
20 initial-product-tempeiatuie has been fixed to VO^C for all cases. Woridng pressure and 
pressure holding time have been chosem such that microbiolo^cal effects were 
available for evaluation (a cycle of two pressure pulses of 1000 MPa with a pressure 
holding time of 30 seconds and a pause time between the two pulses of 30 seconds, see 
also Table 3a). The product is assumed to have (thamal) properties similar to tiiose of 
25 watCT, and bofib the product and the liner material are assumed to have an adiabatio- 
temperature-rise of 4.2 K per 100 MPa Some examples of the adiabatic temperature 
rise of food products is ^ven in Table 4b. 



Table 3a: FEM parameters used to compute the two-pulse HP processes 





Load 
(s) 


Pressuriz. 
(MPas') 


Hold 
(s) 


Dqjress. 

(s) 


Pause (s) 


Unload 
(s) 


'Low' ; conventional HPP-system 


90 


2.5 


30 


30 


30 


90 


'High' : this invention 


40 


33.3 


30 


15 


30 


40 



Table 3b:E 


BM oarameters 






Pressurization 
fate' 


Heat transfer 
of inner 
vessel wall 


Adiabatic temp, 
rise of inner 
vessel wall 




Heat trans- 
fer of 
vessel 


Remark 


Figure 1 


low 


high 


OK/lOOMPa 


70 


hirfi 


System A 


Figure 2 


high 


low 


4,2K/100MPa 


70*^0 


low 


System D 


Figures 


low 


high 


OK/lOOMPa 


100 


hifiji 




Figure 4 


high 


low 


4.2K/100MPa 


70 


low 


2 


Figures 


high 


high 


OK/lOOMPa 


70*»C 


high 


System C 


Figured 


low 


low 


4.2K/100MPa 


70 


hirfi 


Systems 


Figure? 


higji 


low 


4,2 K/lOOMPa 


100 


low 




Figures 


high 


low 


4,2 K/lOOMPa 


100 *C 


hi^ 




Figure 9 


high 


high 


OK/lOOMPa 


100^ 


hifiji 




Figure 10 


low 


low 


4,2K/100MPa 


100 


high 




/^inallcalci] 


lations, the initial-product-temperature is TO^'C 
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the pressmre cycles used are given in Table 3a, *low' corresponds to conventional, 
*high* corresponds to this invention. 

^ Only one pressure pulse with a longer pressure holding time. 

^ Note that no FEM calculation has been done to simulate the entrance of unheated 
5 pressure liquid in the vessel; this would further increase the temperature differences 
between the hottest and the coldest spots in the product 

a steel vessel wall has high heat transfer, a vessel constructed from fibers 
(EP0842696) has a low heat transfer. 



10 Table 4a: Adiabatic-tempa:aturc-rise of water 



To 


AT.<i(at700MPa) 


AT,d(atlOOOMPa) 


70«C 


29.6»C 


41.5»C 


90x: 


33.2°C 


45.8°C 



Table 4b: Adiabatic-temperature-rise of some food products. 



product 


To 


ATad(at950MPa) 


Cheese 


20°C 


34.0*^: . 


Chicken 


20°C 


29.5°C 



15 



20 



25 



30 



35 



40 



To illustrate the effect of using a plastic layer (e.g. product container or liner), systems 
A and B have been compared The first system is a HPP system with a steel vessel 
(system A, Figure 1), which has a relatively low pressurizing rate. The product- 
temperature-rise in the center of the HPP vessel is almost equal to the adiabatic- 
temperature-rise (AT = ATad = 41.5°C). The product-temperature-rise of the product 
fi:action near the wall is much lower than the adiabatic-temperature^se (AT = ^ 
ATad). Hence, the final-product-tamperature gradient between center and fraction near 
the wall is Ti^ccntrc - Ti,wain30°C (Figure 1), thus the temperature distribution is non- 
homogeneous. If a layer of 5 mm of material with low heat transfer prop^ies, and with 
an adiabatic-temperature-rise of the same order as the adiabatic-temperature-rise of the 
food product, is applied in the inn^ part of the same vessel (system B, Figure 6), the 
product-temperature-rise m the center of the HPP vessel is again almost equal to the 
adiabatic-temperature-rise (AT = ATad = 4I,5**C), but now the product-temperature-rise 
of the product fraction near the wall is much higher, although still not equal to the 
adiabatic-temperature-rise (AT = 36**C ^ ATad); hence the difference b^een wall and 
center temperature is Ti,ccntre-Ti.waii= 5°C, a large improvement compared to system A, 
In these calculations a HPP vessel of commercial size was used, in small laboratory 
systems these effects are even much more important, since the surface - volume ratio is 
larger and therefore cooling is more prominent 

In the previous section the effect of a layer with low heat transfer properties and an 
adiabatic-temperature-rise of the same order as the adiabatic-temperature-rise of the 
food product was demonstrated The temp^ture increase of several available 
materials, a well known phenomena also reported in literature (Rodriguez etaL Journal 
of Material Science, Vol. 22 (1987)), have been determined experimentally. The result 
of this test are presented in Tai>Ie 5: 
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Table 5: measured temperature rise due to pressurization (To=20°C, average 0-700 





AT/Ap 
(K/lOOMPa) 


PE 


4.5 


PVC 


3.4 


HOPE 


4.4 


Rulon 


2.9 


Ertalite 


3.3 



One may conclude that materials exist with a temperature rise that is similar, larger or 
5 smaller than the product being processed, and that these materials also demonstrate a 
low heat transfer coefficient. Application of lin^s based on these materials 
compensates heat leaks and reduces the 'driving force' (temperature difference between 
product and vessel wall). The effect of this (partial) solution on the microbial reduction 
was already mentioned: if a plastic layer is used, a 6D spore reduction can still be 
10 obtained if the initial-product-temperature is lO^'C lower than in a system that does not 
have such a layer (see Example 1), 

The same phenomena of local cooling as illustrated in Example 1 also occurs if the 
adiabatic temperature rise of the pressure medium is lower than the adiabatic 
15 temperature rise of the product. Hence, the adiabatic temperature rise must be the same 
or larger than the adiabatic temperature rise of the product preventing heat exchange 
between the pressure medium and the product when the system is pressurized. 

To illustrate the effect of the pressurization rate (MPa s'*), a comparison has been made 
20 between two systems (syst«n A and system C). Tho first one is a HPP-system based on 
a low pressurization rate (A), the second system is a system with a high pressurization 
rate (C). In system A, the fijoal-product-temperature diflference between the center and 
fraction near the wall is Ti,cciitrc-Ti,wair30'*C (Figure 1), in system C the difiference is 
reduced to Ti.centrc -Ti.waif=24**C figure 5). Hierefore, it can be concluded that fest 
25 pressurization reduces the temperature difiference in the center and near the HPP wall. 

The result of the combination of the methods of this invention is illustrated in Figure 2 
(system D). In this figure the efifect of fest pressurization and the application of a heat 
isolating layer, vMch has an adiabatic-temperatute-rise similar to the product, is 
30 illustrated. The temperature at the hottest and the coldest product spots are almost 
identical, and almost equal to the adiabatic-temperature-rise. Hence, due to this 
invention, a homogeneous temperature distribution may be obtained. 

An additional method to achieve a homogeneous temperature distribution is to apply a 
35 vessel-temperature which is higher than the initial-product-temperature. The vessel- 
temperature can be fixed at a value between the initial-product-temperature and the 
final-product-temperature, or even sligjifly above this temperature. This method is also 
mentioned by Meyer and the FDA, but has been proven of limited value in 
conventional HPP systems, because it results in ovaheating of the product, especially 
40 the product fraction near tiie wall; indeed, in the conventional HPP systems the time 
before the product is pressurized, is long (e.g, sum of filling time, closing time and 
pressurization time is generally » 1 min.), and during this period the product is in 
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10 



contact with (be hot vessel walL Hiis oveibeating wiU therefore automatically result in 
a decrease of product quaUty, or even unacceptable boiling (see Figure 3) if the v^ 
would be set to a temperature above (he boUing temperature. However, m a Iff P 
system that uses methods 1 and 2 described above, preferably in combination with a 
fest closing system (for instance widi an axial. hydrauUcally actuated lid, as mentioned 
in patent WO 99/61146), it is possible to set a vessel-temperature that is substentially 
higher than the initial-product-temperature, without overheating the product fiactoon 
near the vessel wall, and thus without decrease of product quaUty (see Figures 7 and 8) 
even when the vessel is set to a temperature above boiling.^ 

Summary of the conclusions and remarks so far: 

• There is a relation between the final-product-temperature, the pressure, the numb^ 
of pulses within a HPP cycle, and the reduction/inactivation of spores and 
microorganisms. • • * 

15 . In conventional HPP systems the final-product-temperature distribution is not 
homogeneous, the product fraction near the waU has a lower temperature than the 
product fraction in the center of a HPP vessel . Most HPP systems are eqmpped 
widi thamocouples based in flie center of tiie HPP system. 

• The final-product-temperature is the sum of initial-pnxluct-temperature To and the 
20 product-temperature-rise AT, under perfect adiabatic circumstances this 

temperature rise would be equal to tiie adiabatic-temperature-nse. 

• ^ith this invention, an ahnost pafect homogaieous tonperature distribution may 
be obtained, vwth product-temperature-rise within every fiaction of the vessel 
almost equal to the adiabatic-temperature-rise. 

25 • The effectiveness of this invention is demonstrated usmg FEM, and by applying 
measurements in a system constructed according to the methods of this mvention 
(labscale equipment). Due to this invention every fiaction of the product is raised to 
a homogeneous final-prodiict-temperature, with a temperature rise almost equal to 
the adiabatic-temperature-rise. 

30 • The mildest treatment consists of the lowest final-product-temperature and p, and 
not as reported by many researchers llie final-product-temperature in the center of 
the vessel and p. This is illustrated by microbiological experiments, since milder 
conditions (lower To and Pressure) provide similar spore reduction. 

35 Many researchers did not use methods that achieve homogeneous tanperature, but still 
steriUty is obtained and reported in numerous patents (Meyer, Wilson) and scientific 
articles. Therefore, it may be concluded Aat a fiaction of the product has been treated 
at the fmal-product-temperature at the wall that is lower than to the ahnost always 
reported final-product-temperature at the center, and thus fliat sterility can be achieved 

40 at tonperatures that are lower than the temperatures reported in previous pataits and 
scientific articles. If the technical methods of this invaition are applied, the prodiwt 
can be maintauied at the lower final-product-temperature at the wall that was present in 
the experiments of other researchers, and still sterility will be achieved. Therefore, 
when using the mefliDds of this invention, the initial-product-temperature may be lower 

45 than m the case where a conventional HPP system is used. An mitial-product- 
lemperature substantially below 70°G (approximately 60°C) can be appUed to obtain a 
level of microbial inactivation that is the same as & similar pressure treatment on a 
conventional HPP system, with an initial-product-temperature of 70°C. Examples are 
demonstrated in Table 6, and in Example 1. Alternatively, the methods of this mvention 
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can be used to decrease the processing costs of an HPP process; one way is to lower the 
pressiire of each pulse, and still obtain the same level of microbial inactivation, as 
demonstrated in Table 7 and Example 2. Anotho- way is to decrease the niunber of 
pulses, and still achieve the same level of microbiological inactivation, as demonstrated 
5 in Example 3, 

Table 6 : decrease of initial-product-temperature due to this invention (same p-T 
treatment, same level of inactivation) 



p= 700 A4Pa 


To 


Tl.waU 


Ti, centre 


Conventional HPP-system 


90°C 




123°C 


This invention 


83°C 


114°C 


114°C 



10 Table 7 : decrease of pressure due to this invention (same p-T treatment, same level of 
inacti vation) 



To = 70°C 


P 


Tl.waii 


Ti,centrc 


Conventional HPP-system 


1000 MPa 




1I2°C 


This invention 


880 MPa 


105''C 


lOS-C 



In addition to die summazy of the conclusions and remarks as presented before: 

• A system has been constructed as described herein, and in accordance with EP 
15 0842696 and WO 99/61 146. 

• Due to the methods of this invention, for a given pressure treatment, a lower initial- 
pioduct-temperature To may be used, resulting in a process with increased product 
quality, when compared to a product treated in conventional HPP systems. 

• Due to the metiiods of this invention, for a given initial-product-temperature, a 
20 lower pressure may be used, resulting in a process with increased product quality 

and with a lower cost per kg of product treated, vAxcn compared to a product treated 
in conventional HPP ^tems. 

• Due to the methods of fliis inv^tion, less pressure pulses may be used, resulting in 
a process with a lower cost per kg of product treated, wlien compared to a product 

25 treated in conventional HPP systems. 

• In all previous cases, less energy is needed per kg of product treated, as well as a 
shorter cycle time, and flierefore lower cost pa: kg of product treated results. 

• This invention provides a method to apply these homogeneous temperatures in such 
a way that the mildest possible food treatment process can be used, providing 

30 minimal reduction of quality. 

This invention therefore describes methods to achieve (1) high pressure preservation 
treatment of food product, (2) in a commercially viable way, (3) with minimal 
temperature treatment, (4) resulting in a minunal loss of product quality, 

35 

EXAMPLES 

In the examples 1 - 3, inactivation of bacterial endospores in a system according to this 
invention was compared to conventional HPP system. Bacilltds stearothermophUus was 
40 chosen as a target organism because its spores belong to the most heat resistant known. 
For production of spores. Bacillus stearothermophUus strain Merck 11499 was 
cultivated on a solid medium containing 15 g-l"^ agar. 
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8 g-r* nutrient broth, 0.51 g-F^ MgS04, 0.97 g l * KCl, 02 g l'^ CaClrffliO, 3 mg l'^ 
MaCl24H20, and 0.55 mg V^ FeS04-7H20. The pH of this medium was set to 6,9 prior 
to autoclaving. Aft^ 7 days of incubation at 55°C, spores were harvested, washed in 
demineralised water, and stored at 7°C, Spores produced according to this procedure 
5 were characterized by a thermal decimal rj^^uction time D at 120**C of 8.8 - 9.9 min. 
and a z-vaiue of 6.5 - 6.7*'C. For higji pressure treatments, spores were suspended in 
tryptone soy broth to a final density of 10^ - 10^ spores mf^ Three ml aliquots of this 
suspension were transferred to PE pouches. TTie pouches were heat-sealed and stored 
on ice until processing. 

10 ' ^ 

High pressure treatments were conducted in a HP system with a maximum working 
pressure of 1000 MPa. In order to prevent heat loss during pressurization, a sample 
holder made of HDPE was designed. The lid and bottom of the sample holder were also 
constructed from HDPE to prevait the cooling through the vessel lid. The HPP vessel 

15 lid was also preheated, minimizing flie temperature gradient between the (adiabatic) 
heated sample and the vessel lid. Applying this approach results m a homogeneous 
temperature distribution. To illustrate the effect of this invention, also experiments 
were conducted without use of the sample holder, in this way a large temperature 
gradient between product fraction in the center of the'vessel and the product fraction 

20 near the vessel wall occurs. This temperature uncontrolled HPP ^^stem, is called 
conventional in flie followmg examples. 

High pressure treatments were conducted according to the foUowing scheme. The 
vessel, the vessel lid, the sample bolder, and the pressure liquid were all conditioned to 

25 the deshed initial temperature. The pouches containing the spore suspensions were 
preheated for 1 mm. at the desired initial-product-temperature. After the vessel was 
closed, pressure was first increased to 100 MPa in 15 s and subsequenfly to the desired 
woiidng-pressure in 1 min. Holdmg time at this pressure was 2.5 min. Release of 
pressure was in 20 s. In case the same sanq}le was treated with a second pressure pulse, 

30 this cycle was repeated after a pause of 1 min. 

Spores in the untreated spore suspensions and surviving spores in the treated pouches 
wa:c enumerated by pour plating in tryptone soy agar. Serial tenfold dilutions were 
made in a solution containing 0,9% (w/v) of sodium chloride and 0.1% (w/v) of 
35 peptone. Per plate T ml of inoculum was used. After 7 days of incubation at 55^C, 
colonies were counted and the viable count was calculated. The detection limit of this 
analysis was 10 CFU ml'^ This corresponded to 10 CPU on the plate inoculated with 
the undiluted spore suspension. 

40 Example 1 

Conventional HPP system, 70*^C, 2 pulses of 960 MPa 
vs 

System according to this invmtion, 60**C, 2 pulses of 950 MPa 

45 Result : same level of inactivation 

In the first series of experiments the initial process and product temperature was varied. 
The pulse height was set at 950 MPa and per treatment two similar pressure pulses 
were applied. Each treatment condition was evaluated in triplicate. Results are 
50 presented in Table 8. In the conventional set up, a treatment with two cycles of pressure 



wo 02/45528 



PCT/NLOl/00882 



19 

pulses of 960 MPa applied at an initial temperature of lO^C reduced the number of 
viable Bacilli^ stearothermophilus spores to a level below the detection limit of the 
plate count method (10 spores per ml). In the expaimental set-up, this corresponded to 
a degree of spore inactivation of higher than 5.9 log units. As can be seen in Table 8, 
5 the realized pulse height was slightly higher than intended. ^jJsing the methods of this 
invention, a degree of spore reduction varying from 5.7 to higher than 5.8 log units was 
obtained witfi an initial tmipemture of 60**C, The example demonstrates tfiat with this 
invention a lower initial process and product temperature may be applied than with a 
conventional HPP system in order to obtain a similar degree of spore inactivatioiL 

10 

Tables: 



HPP 

system 


Treatment 


Results 


Initial To Final /> Number of Runnr 
CC) (MPa) pulses 

i 


Viable count 

('"logCFUml"') Decimal 
Before After reduction 
treatment treatmoit 


Conventional 


1 

70 960 2 2 

3 


6.9 <1.0 >5.9 
6.9 <1.0 >5.9 
6.9 <1.0 >5.9 


According to 
this 

invention 


1 

60 950 2 2 

3 


6.8 1.1 5.7 
6,8 1.1 5.7 
6.8 <1.0 >5.8 



Example 2 

1 5 Conventional HPP system, 9(fC, 2 pulses of 750 MPa 

vs 

System according to this invention, 90**C, 2 pulses of 600 MPa 
Result : same level of inactivation 

20 

In the second series of experiments the height of the pressure pulses was varied. The 
initial process temperature was 9(fC and per treatment two similar pressure pulses 
were applied. Each treatment condition was evaluated in triplicate. Results are 
presented in Table 9. In the convoitional set-up, two cycles of pressure pulses of 750 
25 MPa reduced the number of viable Bacillus stearothermophilus spores by 5. 1 - 5.5 log 
units. Using the methods of this invention, a 5.1 - 5.5 log reduction was obtained witti 
two pressure pulses of 600 MPa, TTie exa^^)le demonstrates that with this invention a 
low^ pressure pulse may be applied than with a conventional HPP system in order to 
obtmn a similar degree of spore inactivatiorL 
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Table 9: 



HPP system 


Treatment 


Results 


Initial To Final/? Number of Runnr 
("C) (MPa) pulses 


Viable count 

('%g CFUml"') Decimal 
Before After reduction 
treatment treatment 


Conventional 


1 

90 750 2 2 

3 


6.8 1.7 5.1 
^.8 1.3 5.5 
6.8 1.3 5.5 


According to 
this 

invention 


1 

90 600 2 2 

3 


6.7 1.6 5.1 
6.7 1.2 5.5 
6.7 1.4 5.3 



Example 3 

5 Conventional HPP ^stem, 90°C, 2 pulses of 750 MPa 

vs 

System according to this invention, 90°C, 1 pulse of 910 MPa 
Result : same level of inactivation, 

10 

In the third series of experiments the number and the height of the pressure pulses was 
varied. The initial-product-temperature was 90''C. Each, treatment condition was 
evaluated in triplicate. Results are presented in Table 10, In the convaitional set up, 
two cycles of pressure pulses of 750 MPa reduced the number of viable Bacillus 
1 5 stearothermophilus spores by 5. 1 - 5.5 log units. Using the methods of this invention, a 
degree of spore reduction varying from 4.5 to higher than 5.4 log units was obtained 
with one pressure pulses of 910 MPa. The example demonstrates that with this 
invention less pressure pulses may be applied than with a conventional HPP system in 
order to obt£un a sunilar degree of spore inactivation. 

20 

Table 10: 



HPP system 


Treatment 


Results 


Initial To Final p Number of Runnr 
CQ (MPa) pulses 


Viable count 

('%gCFUinl"') Decimal 
Before After reduction 
treatment treatment 


Conv^tional 


1 

90 750 2 2 

3 


6.8 1.7 5.1 
6.8 1.3 5.5 
6.8 1.3 5.5 


According to 
this 

invention' 


1 

90 910 1 2 

3 


6.4 <1,0 >5.4 
6.4 1.1 5.3 
6.4 1.9 4.5 



flie singe pulse experiment is conducted using a holding time similar to the holding 
time of the first pulse in a 2-pulse exponent 
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Example 4 

In this example, spore suspensions treated according to fliis invention were evaluated 
for surviving spores immediately after treatment and after a storage period of 30 days. 
5 Spores of the bacterium Bacillus subtilis vfQtc used. This species is able to grow both 
aerobically and anaerobically at ambient temperature. 

For production of spores. Bacillus stAtUis strain 168 was cultivated on a solid medium 
containing 15 g 1*^ agar, 8 g 1"^ nutrient broth, 0.51 g l*^ MgS04, 0,97 g-l'^ KCl, 02 g 1"^ 

10 CaCl2-2H20, 3 mg-F^ MnCh ^HzO, and 0,55 m% Y^ FeS04-7H20. The pH of this 
medium was set to 6.9 prior to autoclaving. After 5 days of incubation at 37*^C, spores 
were harvested, washed in demineralised water, and stored at -20**C. For high pressure 
treatments, spore suspensions in tryptone soy broth were prepared containing 5.0-10^, 
5.0-10^ 5.0- 10^ 5.010\ 5.04 0^ and 5,040^ spores ml ^ Three ml aliquots of these 

15 suspensions were transferred to PE pouches. The pouches were heat-sealed and stored 
on ice until processing. 

High pressure treatments were conducted in a large HP system. This system was 
designed to operate according to the methods describdl in this patent TTie vessel, the 

20 vessel lid, the sample holder, and the pressure liquid were all conditioned to 90°C. The 
pouches containing the spore suspensions were preheated for 5 mm. at 90**C. After the 
vessel was closed, pressure was first increased to 100 MPa in about 0.1 min. and 
subsequ^dy to 700 MPa end-pressure in 0.3 min. Hold time at this pressure was 2.5 
min. Release of pressure was about 10 s. In this example, the efficacy of a treatment of 

25 1 pressure pulse was compared to a treatment consisting of 2 pressure pulses wi& a 
pause of 1 minute. 

Spores in the untreated spore suspensions and surviving spores in the treated pouches 
that initially contamed 5.0-10^ spores-ml"^ were enumerated by pour plating in tryptone 

30 soy agar (TSA). Serial tenfold dilutions were made in a solution containing 0.9% (w/v) 
of sodium chloride and 0.1% (w/v) of peptone. Per plate 1 ml of inoculum was used. 
After 5 days of incubation at 37**C, colonies were counted and the viable count was 
calculated. The detection limit of this analysis was 10 CFU-ml*^ This corresponded to 
10 CFU on the plate inoculated with the undiluted spore suspension. The other treated 

35 pouches were stored at 37*'C After 30 days of storage, the pouches were visually 
evaluated for growth. From the pattern of occurr^ice and absence of growth in the 
pouches (2 to 3 replicates per spore concentration) the number of surviving spores was 
estimated by the most probable number method (MPN), a statistical approach for the 
oiumeration of microorganisms in serial dilutions, according to the guidelines set forth 

40 by the FDA. 

Results are presented m Table 1 1 . Both the double pulse treatment and the single pulse 
treatment reduced the number of viable spores to a level below the detection limit of 
flie plate count metfiod (10 spores per ml). Hie most probable numbers of surviving 
45 spores of both treatments, as determined after a storage pmod of 30 days, were in 
agreement witii the plate counts. So, there was no indication for recovery of spores 
during storage. No statistically sigriificant difference vm found between the most 
probable number of surviving spores of the single and double pulse treatment It was 
concluded that the smgle pulse treatment was as effective as the double pulse treatment 
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Table 11: 



Treatment 


Results 


Initial Final Number 
To p of pulses 
(°C) (MPa) 


Viable count MPN and 95% 
(CFU-mr^) Decimal confidence limit 
reduction (number-ml'^) 


Before After ' MPN Lower Upper 
treatment treatment limit limit 


90 700 1 
90 700 2 


5.0^10^ <10 >6.7 1.5 0.18 13 
5.0-10^ <10 >6J <I 0 3.1 



To demonstrate the effect of the m^ods described ^in this patent some numerical 
5 simulations have been performed The methodology to perform these simulations 
consists of two parts. First the temperature distribution at any given product fraction at 
every time step is calculated using a Finite Element Model (FEM). In a second step the 
inactivatioa as fimction of time is calculated both at the center and at the wall of the 
product using a kinetic model. With this approach the authors clearly distinguish the 
10 relation between the ^machinery' and the process cycle on one hand and the kinetics 
(these are system properties independent of the machinery or process cycle) of the 
bioch^cal process on the other hand. The net effect of the pressure treatment is the 
net result of both. 

15 Hie model constructed consists of an axi-symmetric one-dimensional FEM of the HPP 
system based on heat conduction thnougjii dl relevant ^layers'. Hence, it is a model that 
can be used to predict the temperature at any given position at any given time. One may 
argue that convection migjit be important resulting in a smaller temperature gradient In 
practice, however convection hardly occurs since viscosity of liquid products increases 

20 (exponential) with increasing pressure. Another argument is related to the use of small 
consumer packages filled with liquid product, since these generally will not *move' 
firom their position. If solid products are pressurized, the only heat transfer mechanism 
is by means of conduction. The FEM model consists of four layers : the HPP vessel 
wall, a liner material, a product container and the product itself. Both the thickness and 

25 the material properties (density, specific heat, adiabatic temperature rise, and heat 
conductivity) can be adjusted within this model 

Spore inactivation kinetics at combined elevated pressures and elevated temperatures 
are rarely found in lit^ture. Especially treatments with pressures above 400 MPa and 

30 temperatures above 60**C can only be found occasionally. In literature the experimental 
conditions are not described in great detail, hence, its hard to determine whether a 
homogeneous temperature distribution has been obtained during experimentation* Out 
of these inactivation experiments it is not possible to determine the actual inactivation 
kinetics. The kinetics describe the rate of change of a bio-diemical process, which is a 

35 property of the bio-chemical system and therefore independent of the equipment used 
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to determine the kinetics. The authors performed controlled experiments (with 
homogeneous temperature distribution) to determine the kinetics of Bacillus 
stearothermophilus spores (range 60-122°C and 450-950*^0). 

5 The combination of the FEM modeL^ and the obtained kinetics of Bacillus 
stearothermophilus is used as a simulation tool to perform two numerical experiments 
(Example 5 and Ex^ple 6) : 

Example 5 

10 Conventional EiPP system at 90^C, product preheated to 90°C, 2 pulses of 700 

MPa, holding time of each pulse 60 s 

result : minimal decimal reduction : 4.7 (Figure 13) 

vs 

System according to this invention at 105**C, product preheated to 90**C, 1 pulse 
of 700 MPa, holding time 150 s 

result : minimal decimal reduction : 5,6 (Figure 14) 

Example 6 

The same predictive model as described in Example 5 is applied to demonstrate the 
effectiveness of one pressure pulse using this mvention: 

Conventional HPP system at 90°C, product preheated to 90*'C, 1 pulse of 700 
25 MPa, holding time 300 s 

r^ult : minimal decimal reduction : 5.6 (Figure 15) 

vs 

30 System according to this invention at lOS'^C, product preheated to 90°C, 1 pulse 

of 700 MPa, holding time 150 s 

result : mimmal decimal reduction : 5.6 (Figure 14) 

Figures 1 to 10 are a graphical representation of a time-temperature-pressure relation of 
35 a high-pressure process in an HPP-system. The vertical axis below represents the 
pressure and the upper vertical axis represents tOTiperature. The horizontal axis 
represents time. The tiiick line represents the temperature in the center of the HPP- 
vesseL The normal line represents tiie temperature inside the HPP-vessel of the product 
fraction with the lowest temperatures. The thin line represents the vessel-temperature. 
40 As can be seen, in some cases a wide variety of product temperatures do occur (the 
shaded areas between the thick line and the normal line). 

Figure i is a graphical representation of a time-temperature-pressure relation of a high- 
pressure process in a typical commercial HPP-system. A wide variety of product 
temperatures do occur (shaded areas), a non-homogeneous product temperature 
45 distribution is obtained. 

Figure 2 is a graphical representation of a time-tempmiture-pressure relation of a high- 
pressure process in a system in which the methods of this invention are applied. The 
product temperatures vary within a narrow band, a homogeneous product temperature 
distribution is obtained. 



15 



20 
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Figure 3 is a graphical representation of a time-temperature-pressEure relation of a high- 
pressure process in a typical comma^cial HPP system as in Figure 1, but with the 
vessel-temperature increased A wide variety of product temperatures do occur (shaded 
areas), the product heats up very quickly, reducing product quality, 
5 Figure 4 is a graphical representation of a time-temperature-pressurc relation of a high- 
prelsure process of this invention with only one pulse and a" long pressure holding time. 
The product temperatures vary within a relatively narrow band, ttie temperature of the 
product fraction near the wall decreases only slightly even after the long pressure 
holding time; the tOTiperature of the product fraction near the wall could even be more 

10 constant if the vessel-temperature would be increased (refer to Figures 7 and 8), 

Figure 5 is a graphical representation of a time-temperature-pressure relation of a high- 
pressure process in a system with fast pressurization but without an iimer HPP vessel 
material with low heat transfer properties. This system performs substantially better 
than the system in Figure 1, 

1 5 Figure 6 is a graphical representation of a time-temperature-pressurc relation of a high- 
pressure process in a system with an inner HPP vessel material with low heat transfer 
properties, but without fast pressurization. The product temperatures vary within a 
relatively narrow band, a product temj)erature distribution that is relatively 
homogeneous is obtained. 

20 Figure 7 is a graphical representation of a time-temperature-pressure relation of a high- 
pressure process according to this invention where an elevated vessel-temperature is 
used. The outer vessel material has a low heat transfer coefficient No overheating of 
the product is obswed before the pressure is applied, the temperature distribution is 
homogeneous dining the complete cycle. 

25 Figure 8 is a graphical representation of a time-temperature-pressure relation of a high- 
pressure process according to this invention where an elevated vessel-temperature is 
used. The outer vessel material has a higji heat transfer coefficient (for instance the 
outer vessel part is constructed fix>m steel). Again, no overheating of the product is 
observed before the pressure is applied, the temperature distribution is quite 

30 homogeneous during the complete cycle. 

Figure 9 is a graphical repr^entation of a time-temperature-pressure relation of a high- 
pressure process in a system with fast pressurization, an elevated vessel-temperature, 
but no inner HPP vessel material with low heat transfer properties- A relatively wide 
variety of product temperatures do occur (shaded areas), the product heats up very 
35 quickly, reducing product quality. 

Figure 10 is a graphical representation of a time-temperature-pressure relation of a higji 
pressure process in a system with slow pressurization, an elevated vessel-temperature, 
and an inner HPP vessel material with low heat transfer. Again, no substantial 
overheating of the product is obs^ed before the pressure is applied, the temperature 
40 distribution is quite homogeneous during the complete cycle, although not as good as in 
Figure 7 and 8. 

Figw^e 11 represents a system according to this invention having a yoke 10, an 
intensifier 1 1, a vessel 12 and liner 13. Fast pressurization is achieved with the 
internal intensifier system; no additional unheated pressure liquid has to be added; the 

45 vessel walls, bottom and plunger arc insulates and consist of a material with an 
adiabatic-temperature-rise tiiat is similar to the adiabatic-temperature-rise of the food 
product The solution proposed in this drawing is only one of several possible 
configurations that use the methods of this invention. The method of the invention can 
in particular be carried out using the light weight fiber-remforced pressure vessel as 

50 described in European patent ^plication no. EP 96203187.8 in the name of the 
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applicant A particularly suitable fiber-reinforced high pressure vessel having an 
internal intensifier system and an axial loading arrangement of the pressure vessel is 
desaibed in detail in International patent application WO 99/61 146, in the name of the 
applicant. Both documents are incorporated herein by reference. 
5 Figure 12a'12c schematically represents jfee operation of a system accordmg to this 
invention having a lid 15 with a fast pre-fill opening 16, As posed clearly inside this 
patent the factor time is very import for both the costs and the product quality. In this 
figure three time steps within a pressure cycle are presented: Figure 12a : the vessel is 
open and the plunger 14 does not touch the vessel wall The vessel is filled with 
10 pressure liquid, by injecting this pressure liquid fast throug^i pressure tubes with a very 
large diameter. This system is called fast pre-filL Figure 12b : the vessel is closed with 
the lid 15 (internal intensifier) and the plunger 14, liner 13 sealing system closed the 
vessel, hence it can be pressurized by driving the plunger inside the vessel. Figure 12c : 
the system is closed and pressurized, 
15 Figure 13 is a graphical represmtation of a time-temperature-pressure-inactivation 
relation of a high pressure process in a conventional system; the upper part the figure 
represents the pressure inside the vessel as fimction of time; the middle part of the 
figure represents the temperature as fimction of time, both for flie center of flie vessel 
and at the vessel wall; the lower part of the figure represents the inactivation of Bacillus 
20 stearothermopMus as fimction of time. The temperatures (middle part of the figure) 
have been calculated using the axi-symmetric FEM model; the mactivation of Bacillus 
StearothermopMus Qov^x part of tiie figure) is calculated as fimction of the 
temperatures and pressure determined in the upper and middle part of the figure, using 
the kinetics determined by the authors. The pressure cycle consists of 2 pressure pulses 
25 of 700 MPa, with a pressurization time of 90 s and a holding time of 60 s (for each 
pulse). The vessel-temperature is at 90 the product is preheated to an initial- 
product-temperature of 90 At flie end of the pressure cycle, flie temperature at flie 
vessel wall is 18 ""C lower flian in flie center of flie vessel. The inactivation is 4,7 D at 
flie vessel wall. 

30 Figure 14 is a graphical representation of a time-temperature-pressure-inactivation 
relation of a high pressure process in a system according to tiiis invention. The pressure 
cycle consists of 1 pressure pulse of 700 MPa, wifli a pressurization time of 20 s and a 
holding time of 150 s. The vessel-temperature is at 105 flie product is preheated to 
an mitial-product-temperature of 90 ^C. At the end of the pressure cycle, the 

35 temperature at tiie vessel wall is equal to the temperature m the center of flie vessel. 
The inactivation is 5.6 D at the vessel wall, althoi^ the duration of flie cycle is only 
half of the duration of flie cycle of Figure 13. And 

Figure 75 is a graphical representation of a time-temperature-pressure-inactivation 
relation of a hi^ pressure process in a conventional system. The pressure cycle 
40 consists of 1 pressure pulse of 700 MPa, wifli a pressurization time of 90 s and a 
holding time of 300 s. The vessel-temperature is at 90 flie product is preheated to an 
initial-product-temperature of 90 At flie end of flie pressure cycle, flie temperature 
at flie vessel wall is 22 lower tiian in flie center of flie vessel. The inactivation is 5,6 
D at the vessel wall. 
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CLAIMS 

1, Method for treatment of a product, in particular preservation of a food product 
or pharmaceutical product, by use of high pressure, characterized that the high 

5 pressure process is carried out under such conditions that leakage of heat from 

the product to the surrounding material is minimized or even prevented, 

2, Method according to claim 1, of high pressure treatment of a product, in 
particular preservation of a food product or treatment of a pharmaceutical 

10 product, in a pressure vessel, comprising pressurizing the product to a pressure 

of at least 100 MPa, preferably at least 300 MPa, most preferably at least 600 
MPa, characterized in that the pressure rate is at least 5 MPa-s'^ 

3, Method according to claim 2, wherein the pressure rate is at least 10 MPa s'^ 
15 preferably 20 MPa s*^ more preferably 30 MPa s'^ . 

4, Method according to claim 2 or 3, \siierein a pressure vessel having an 
insulating wall is used, the wall having a heat 'conductivity no higher than 25 
W m*^ K"\ preferably not higher than 10 W m'^*K*^ most preferably not higher 

20 than 1 W m'^ K'^ 

5, Method according to claim I, of high pressure treatment of a product, in 
particular preservation of a food product or treatment of a pharmaceutical 
product, in a pressure vessel, comprising pressurizing the product to a pressure 

25 of at least 100 MPa, preferably at least 300 MPa, most preferably at least 600 

MPa, the pressure vessel having an insulating wall having a heat conductivity 
no higher than 25 W•m*^•K"^ preferably not higher than 10 W-m'^*K"^ most 
preferably not higjier than 1 W•m'^•K'^ 

30 6, Method accordmg to claim 1 to 5, v^erein the pressure vessel comprises a liner 
havmg an adiabatic temperature rise of between 1 and 10 K per 100 MPa, 
preferably between 2 and 7 K per 1 00 MPa, 

7. Method according to claim 1, of high pressure treatment of a product, in 
35 particular preservation of a food product or treatment of a pharmaceutical 

product, in a pressure vessel, comprising pressurizing the product to a pressure 
of at least 100 MPa, preferably at least 300 MPa, most preferably at least 600 
MPa, wherein the pressure vessel comprises a liner having an adiabatic 
temperature rise of between I and 10 K per 100 MPa, preferably between 2 and 
40 7Kperl00MPa 

8. ' Method according to any of the preceding claims, using a pressurizing fluid 

which is at least of the same temperature as the product in the high pressure 
vessel, 

45 

9. Method according to any of the preceding claims, v^rein the fluid used to 
pressurize the pressure system has an adiabatic temperature rise similar or 
higher than the adiabatic temperature rise of the product 
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10. Method of high pressure treatment of a product, in particular preservation of a 
food product or treatment of a pharmaceutical product, in a pressure vessel 
comprising pressurizing the product to a pressure of at least 100 MPa, 
5 preferably at least 300 MPa, most preferably at least 600 MPa, using a 

pressurizing fluid having a temperature whidi is during the full pressure cycle 
not lower than 10 *C below the temperature of the product, preferably at least 
the same temperature as the product, in the high pressure vessel. 

10 11, Method according to any of the precedii^ claims, herein under hi^ pressure: 

a) the temperature of the product and the surface temperature of a material 
surrounding the product are the same; or 

b) the surface temperature is higher than the product temperature; or 

c) the surface temperature is at most 10 *C, more preferred at most 5'C lower 
1 5 than the product temperature. 

1 2. Method according to any of the preceding claims, \*erein the total time of hi^ 
pressure during treatment is smaller than 10 minutes, preferably smaller than S 
minutes, most preferably smaller than 1 minute. * 

20 

13. Mediod according to any of the preceding claims, herein the depressurization 
rate is at least 30 MPa s'^ 

14. Method for treatment according to any of the preceding claims, wherein tiie 
25 product is held in a container made from a material, showing a temperature rise 

caused by high pressure treatment, whidi is at least similar, preferably higher, 
than the temperature rise of the product 

15. Method for treatment according to claim 14, \dierein the container is made of a 
30 flexible material. 

16. Method according to claim 14 or 15, wherein the container has a wall with a 
thickness of at least 2 mm, preferably fcom 3 to 20 mm, more preferred 4 to 10 
mm, 

35 

1 7. Method for treatment according to any of claims 16-18, wherein the container is 
made of a material selected fiom the group comprising polyvinylchloride, 
polyoxymethylene, or polyethyleen. 

40 18. Method of sterilising a product, according to any of the preceding claims, 
\Aerein an initial preheating of the product is applied of at least 60'C, 
v^ereafter the product is pressurised at least once at a pressure of at least 700 
MPa for a total holding time at working pressure between 1 s and 600 s, more 
preferably between 5 s and 300 s, most preferably between 10 s and 200 s, 

.45 

19. Method of sterilising a product, according to any of claims 1-17, wherein an 
initial preheatii^ of the product is applied of at least 80"C, whereafter the 
product is pressurised at least once at a pressure of at least 500 MPa for a total 
holding time at working pressure between 1 s and 600 s, more preferably 
50 between 5 s and 300 s, most preferably betweon 10 s and 200 s. 
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20, Method according to claim 18 or 19, wherem &e vessel has a temperature 
which is at least lO'C higher than the temperature of the prdieated product 

5 21, Method according to any of claims 18 to 20, vdierein only a single pressure 
pulse is applied to the product ^"^^ 

22. Method of sterilising a product, wlierein an initial preheating of the product is 
applied of at least 60'C, whereafter the product is pressurised once at a pressure 
10 of at least 500 MPa for a total holding time at working pressure between 1 s and 

600 s, more preferably between 5 s and 300 s, most preferably between 1 0 s and 
200 s, and wherein the vessel has a temperature of at least die tmiparature of the 
preheated product, more preferably 10*C higher than the preheated product 

15 23 Method according to any of the preceding claims, usmg a pressure vessel 
comprising tangentially wound reinforcing fibres, 

24. Method of high pressure treatment according to claims 2 and 5. 

20 25. Method ofhigh pressure treatment according to claims 5 and 7. 

26, Method ofhigh pressure treatment according to claims 2, 5 and 7, 

27. Apparatus for carrying out the method according to any of claims 1-26, the 
25 apparatus comprising pressurisation means for exiting pressure on a product in a 

pressure vessel, wherein the pressurisation means are adapted to ©cert a pressure 
of at least 100 MPa, pref^^ly at least 300 MPa, most preferably at least 600 
MPa, at pressure rates of at least 5 MPa-s"*. 

30 28. Apparatus accordingto clmm27, \v4ierem the pressure rate is at least 10 MPa.s~* , 
preferably 20 MPas "' , more preferably 30 MPa.s'^ 

29, Apparatus fov carrying out the mefliod according to any of claims 1-26, the 
' apparatus comprising pressurisation means for verting pressure on a product in a 

pressure vessel, wherein the pressurisation means are adapted to ex^ a pressure 
of at least 100 MPa, preferably at least 300 MPa, most preferably at least 600 
MPa, at least the inner part of the pressure vessel, and/or a product container 
comprising the product, having a heat conductivity no higher than 25 W*m~'-K"\ 
preferably not higher tiian 10 W*m'^'K"^ most preferably not higher flian 1 W*m* 

30, Apparatus for carrying out the method according to any of claims 1-26, the 
apparatus comprising pressurisation means for exerting pressure on a product in a 
pressure vessel, wterein the pressurisation means are adapted to ex^ a pressure 

45 of at least 100 MPa, pref^ably at least 300 MPa, most preferably at least 600 

MPa, at least the iim^ part of the pressure vessel, and/or the product container 
comprising the product, having an adiabatic tempoature rise of betwem 1 and 10 
K per 100 MPa, preferably between 2 and 7 K per 100 MPa. 
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